Abstract the goat (Capra hircus) is a perfect animal model for analyzing the transcriptome of milk somatic cells (MSCs), as sufficient numbers of somatic cells in goat milk, i.e., exfoliated epithelial cells, can be obtained using noninvasive methods. RNA integrity and purity are the first and most important parameters qualifying samples for transcriptomic tests and next-generation sequencing, as RNA quality influences experimental results. The aim of this study was to optimize a method for obtaining high-quality RNA from goat MSCs, irrespective of effects like breed, lactation stage, health status (e.g., with or without small ruminant lentivirus [SRLV] infection), or number of somatic cells. Milk samples were obtained from goats of two Polish breeds in various lactation stages and in different parities, and from goats infected and not infected with SRLV. Altogether, 412 MSC samples were examined: 206 using method A with fenozol and 206 using method B with QIAzol. Though the overall purity (measured as absorbance ratios at 260 nm/280 nm and 260 nm/230 nm) of the RNA material was comparable, the average yield of RNA isolated using method A was 11.9 µg, while method B's average yield was 29.9 µg. Moreover, method B resulted in good quality RNA suitable for transcriptome analysis. Results were confirmed by RT-qPCR, using 18S rRNA and RPLP0 as the reference genes. The application of our modified treatment method was successful in obtaining high-integrity samples for transcriptomic or next-generation sequencing analysis. Using a 400 mL milk sample cooled in ice directly after milking, securing the cooling chain process from
material and methods

Animals
The study was conducted on 24 dairy goats of two breeds, Polish White Improved and Polish Fawn Improved (PWI and PFI, respectively), which were selected from 50 goats maintained at a goat farm in Central Poland. The average milk yield in the herd during 280 days of lactation was approximately 800 kg, with 3.35% of it being fat and 3.20% of it being total protein. Goats were kept in a loose barn, milked mechanically twice a day, and fed according to the INRA system (Kowalski, 2009 ). The diet consisted of corn silage, wilted grass silage, and concentrates, supplemented with a mineral and vitamin mixture. Water was available ad libitum. All animals were checked for symptoms of clinical mastitis on a daily basis and only healthy animals were included in the study. The goats that qualified for the project had no udder diseases, were of both breeds, and were either healthy (N=12) or infected by SRLV (N=12), which causes CAE. Pławińska-Czarnak et al. (2014) had analyzed the impact of SRLV infection on milk yield previously.
milk sampling and microbiological analysis
Goat milk samples were collected four times during lactation (on the 10th, 70th, 150th, and 230th day of lactation). The samples were collected from goats free of clinical mastitis during the morning milking. Prior to sampling, teats were washed and disinfected as per standard routine procedures.
To check the health of the mammary gland, all milk samples were microbiologically screened. The samples of "first milk" (100 µL) were streaked on Columbia agar supplemented with 5% sheep blood (bioMérieux, Craponne, France). Plates were incubated at 37°C for 48 h. Isolated pathogens were identified using VITEK 2 equipment (bioMérieux, Craponne, France). Milk samples with negative results from bacteriological tests were subjected to further testing.
msc isolation
After the pre-dipping, milk was taken and stored in sterile glass containers. Glass milk containers, milk centrifugation containers, and spatulas for fat collection underwent DNase and RNase inactivation procedures. Cleaned and autoclaved glass containers were heat-treated at 240°C for 4 h, while plastic containers for milk centrifugation and spatulas were cleaned, sterilized, and additionally treated with RNaseZap® RNase Decontamination Solution (Ambion, Europe, UK), according to the manufacturer's recommendations. Other disposable plastics used (e.g., automatic pipette extensions of various volumes, ep Dualfilter T.I.P.S., Eppendorf, Germany) were marked on their packaging as DNase/RNase-free. Due to the great variety of MSC abundance in goat milk, depending on the parity and stage of lactation, the initial milk centrifugation was performed in several volume variations to determine the most suitable amount of cell sediment. We started with 1 liter of milk and then, in the subsequent analyses, we checked other volumes of milk samples (500 mL, 400 mL, 200 mL, and 50 mL). Due to the lack of any commercial kit dedicated to isolating RNA from MSCs, the MSCs were treated as a tissue since they contain a great variety of milk compounds and numerous enzymes. We empirically determined 50 g of MSC for RNA isolation to provide optimum results.
Various parameters of somatic cell centrifugation and rinsing were examined: milk temperature, centrifugation time, and centrifugation temperature.
1. Milk (without cooling) was centrifuged at room temperature no sooner than 4 h after milking.
2. Milk was stored in ice and centrifuged at 4°C no sooner than 2 h after milking. 3. Milk was stored in ice and centrifuged at 4°C immediately after milking. The milk sample was centrifuged with a final concentration of 0.5 mM EDTA (Boutinaud et al., 2002) (Ethylenediaminetetraacetic acid solution, BioUltra; for molecular biology, pH 8.0, ~0.5 M in H 2 O; Sigma-Aldrich, Poland); the centrifugation was performed at 4ºC at 1700 × g for 25 min with an Eppendorf 5810 R centrifuge (container volume 400 mL, Eppendorf, Germany). The fat layer was removed with a sterile spatula, the milk was removed, and the obtained cell sediment was rinsed twice using phosphate-buffered saline (PBS; pH 7.45; Gibco TM Invitrogen Corporation, UK) with EDTA (0.5 mM). The initial rinse was a cautious removal of sediment from the container bottom, using 45 mL of PBS-EDTA (the sediment cannot be scratched off since this might cause mechanical damage to the cells and RNA degradation). Subsequently, 22.5 mL of each prepared sediment was poured into two sterile 50 mL Falcon® test tubes (Becton Dickinson and Company, USA), and they were centrifuged at 1700 × g for 15 min. After removing supernatant, a 20 mL of PBS-EDTA was added. After the last centrifugation, the cell sediment was rinsed with 5 mL of PBS and centrifuged at 2000 × g for 5 min. After removal of PBS, the cell pellet was mixed with the cell lysis reagent and RNA stabilization. Samples prepared in this manner (two from the original milk sample) were stored at -80°C until further RNA extraction. All buffers used for rinsing were sterile and stored at 4°C.
RnA isolation from mscs
Two commercially available kits for total RNA isolation were compared on stanchions using fenozol (method A) and QIAzol (method B). Regardless of the applied isolation kit, sterile PCR clean extensions with filters pipette tips (ep Dualfilter T.I.P.S., Eppendorf, Germany -originally contained in boxes) were used each time.
RNA isolation with method A was performed using the Total RNA Mini (A&A Biotechnology, Poland), according to the manufacturer's instructions. RNA isolation with method B was performed using the RNeasy Lipid Tissue Mini Kit (Qiagen, Germany), according to the manufacturer's instructions. The option of DNase I digestion (RNase-Free DNase Set, Qiagen, Germany) was applied. The purified RNA was kept in test tubes at -20°C until further analyses.
Assessment of RnA purity and integrity
All RNA samples were examined for their concentration, purity, and integrity. The purity of RNA and abundance were determined for each sample using a NanoDrop spectrophotometer (Thermo Fisher Scientific, USA) to determine the optical density (OD) A260/A280 and A260/A230 ratios and RNA concentration in ng/μL. The integrity of RNA samples was assayed by the Agilent Bioanalyzer 2100 (Agilent Technologies, USA) using the Agilent RNA 6000 Nano Kit, and data were generated as an electropherogram. RIN was calculated by Agilent Software Expert. The concentration of RNA in the samples tested with the Bioanalyzer did not exceed 500 ng/μL; samples with concentrations higher than 500 ng/μL were diluted with RNase-Free Water (Qiagen, Germany) for this analysis.
Reverse transcription quantitative polymerase chain reaction (RT-qPCR)
To confirm the effect of RNA quality on the results of gene expression analysis, a PCR reaction was performed for the reference genes 18S ribosomal RNA (18S rRNA, GenBank accession number: DQ_066896.1, Primers (5′-3′): forward: CAAATTACCCACTCCCGACCC; reverse: AATGGATCCTCGCGGAAGG, amplicon size 114 bp) and Ribosomal Protein Large, P0 (RPLP0, NM_001012682.1, Primers (5′-3′): forward: CAACCCTGAAGTGCTTGACAT; reverse: AGGCA-GATGGATCAGCCA, amplicon size 227 bp) (Finot et al., 2011; Pławińska-Czarnak et al., 2019) . Total RNA was reversely transcribed to first strand complementary DNA (cDNA) using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, USA). All analyses were performed on individual samples using SYBR Select Master Mix (Applied Biosystems, USA) on a Stratagene Mx3005P (Agilent Technologies, USA) quantitative PCR instrument for RT-PCR, following the manufacturer's protocol. Real-time PCR was run using four step cycles: cycle 1 at 95°C for two min for polymerase activation, followed by 40 amplification cycles at 95°C for 15 seconds to allow denaturation (cycle 2), then at 58°C for 15 seconds for annealing (cycle 3), and finally at 72°C for one minute to allow for extension of DNA polymerase (cycle 4). The relative expression of the reference genes was quantified as the mean of triplicate measurements for each biological sample (N=22 for each method A and B). Results were calculated using the 2 -ΔCT method, and unpaired t-test (Livak and Schmittgen, 2001) .
statistical analysis and methods
The mean and standard deviations of RIN, RNA concentration, and the A260/A280 and A260/A230 reading were calculated for each isolation method.
The preliminary dependence analysis was carried out between targets A260/A280, A260/A230, RIN, and effects, such as goat breed (PWI, PFI), SRLV infection (SRLV-infected, SRLV-free), lactation, milk yield, and MSC abundance. The monomial parameters were: goat breed (PWI, PFI), SRLV infection (SRLV-infected, SRLV-free), and parity (1st, 2nd, ≥3rd lactation). The polynomial parameters were: milk yield in the morning milking, the number of MSCs (the variability of which could be noted in the examined herd of goats), and RNA concentration in ng/μL. These polynomial parameters were subdivided into quartiles with the same number of samples in each to eliminate the impact of the number of parameter groups on the values of A260/A280 and A260/A230 in RNA isolation methods A and B.
The initial part of the statistical analysis consisted of calculating and presenting descriptive statistics of effects and target values. The main analysis was carried out using generalized linear mixed models (GLMMs). The final model had a logarithmic link function with Gaussian distribution and a random coefficient blocking effect. The variable selection was carried out according to Akaike information criterion (AIC). The Laplace approximation method was used for estimating the model parameters. The model was used to examine and test effects and their interactions. All analyses were conducted in the statistical package SAS/STAT (rel.14.1).
Results
With respect to the repeatability of the cell sediment abundance and the quality of the RNA obtained from the MSCs, the best results were achieved from a volume of 400 mL of goat milk cooled in ice directly after milking. From this volume of milk, we obtained two samples of MSC sediments ranging from 70 mg ± 20 at various lactation stages. The somatic cell isolation time from 12 milk samples did not exceed 4 h, beginning at the point of milking and lasting until the MSCs were secured by the lysis buffer. The average yield of RNA isolated from that milk volume by method A was 11.9 µg, whereas by method B, the average yield was 29.9 µg (P<0,01).
RnA quality OD ratios
For both isolation methods, samples with average OD values of A260/A280 and A260/A230 were obtained. The OD values of A260/A280 were 2.04 ± 0.014 for method A and 2.04 ± 0.012 for method B. The OD values of A260/A230 were 2.01 ± 0.026 for method A and 1.98 ± 0.027 for method B. No differences for A260/ A280 and A260/A230 OD values were found for either monomial or polynomial variables.
RNA integrity number (RIN)
Statistics for RIN according to different parameters and the means, standard errors, and 95% confidence interval are presented in Tables 1.
The difference between average RIN in method A (3.99 ± 0.184) and B (7.49 ± 0.152) (P<0.0001) was found. The percentage of samples with a RIN ≥ 7.0 isolated using method A was 6.42% and for method B, it was 86.4% of all samples tested.
For both methods of RNA isolation, the variables (such as goat breed, SRLV infection or its lack, or parity) had no statistically relevant impact on RIN (Table 1). However, a general comparison analysis of parameters, such as milk yield, milk somatic cell count (SCC), and RNA concentration, between the two RNA isolation methods revealed a significant difference in the quality of the obtained RNA. During the experiment, the milk yield ranged from 0.2 to 3.6 L/day. An analysis of the goat milk yield in the quartile samples revealed that an average RIN of 3.92 ± 0.258 was achieved for method A, while in method B, the average RIN was 7.48 ± 0.249. Detailed variations and the mean statistical error margin are presented in Table 1 . The highest RINs were achieved at SCC ≤ 107 × 10 3 /mL of milk (RIN = 4.28 ± 0.278) for method A. There was a significant decrease in RNA quality and integrity with an increase of the SCC > 656 × 10 3 in 1 mL of milk using method A (average RIN = 3.35 ± 0.306), thus, an increase in SCC had a remarkable impact on RIN value in this method. Exfoliated cells are easily damaged, and RNase present in milk (Ben Chedly et al., 2010; Dalaly et al., 1980) accelerate RNA degradation. In method B, a slight decrease in RIN value at SCC ≥ 276 × 10 3 /mL was statistically insignificant. The average RINs for SCC ranges are presented in Table 1 . With an increase of somatic cells in 1 mL of milk, an increase in the isolated RNA concentration was noted. Using method A, a relevant RIN decrease with higher RNA concentration (RNA > 563.3 ng/μL) was reported.
For method A of RNA isolation, RIN also changed with the stage of lactation. The highest quality RNA was obtained at 70 dl and the lowest at 230 dl. In method B no decrease in RNA integrity with the passing of days within the lactation was reported. The differences in mean RIN values between the RNA concentration are presented in Table 1 .
RT-qPCR
In a qPCR reaction, the quantification cycle value is defined as the number of cycles required for the fluorescent signal to exceed the background, referred as the threshold cycle (Ct) or crossing point (Cp) (Kuang et al., 2018) . Results of the expression analysis of the 18S rRNA and RPLP0 genes demonstrated that the highquality RNA (RIN > 7.5) resulted in a high expression level (low Cp), while the low-quality RNA (RIN < 4.0) resulted in a low expression level (high Cp). The correlation between the RNA quality when samples from method B were compared to samples from method A were calculated using the 2 -ΔCT method, and unpaired t-test (Livak and Schmittgen, 2001). The difference was significant for both reference genes (P-value<0.0001). The standard error of the mean (SE) in method A for 18S RNA was 0.0002002 ± 2.125e-005 and for RPLP0 was 2.02e-008 ± 6.094e-009. In method B 0.0009742 ± 6.092e-005 and 1.797e-007 ± 1.251e-008 respectively.
discussion
The number of somatic cells in goat milk and their composition change not only during mammary gland inflammation but also during lactation, with the number of lactation, and during estrus. Moreover, this number also depends on the method of milking, the structure of the udder and teats, and herd management (Bagnicka et al., 2011) . It should also be noted that as the days in the lactation period pass, the number of late apoptotic cells with degraded RNA increases (Capuco et al., 2001) . RNA degradation also continues after cell death, and many extremely resistant RNases are also secreted outside the cell (Fordyce et al., 2013) , thus RNA also degrades during storage and handling. RNA degradation is a known disruptive factor for all methods of quantifying RNA-based gene expression, such as expression microarrays (Reiman et al., 2017) . Sanchez-Macias et al. (2010) reported that with the passage of time after sampling and with an increase in milk temperature, the number of detected somatic cells decreases. However, MSC isolation and RNA isolation procedures should not affect the quality of the derived RNA, therefore the isolation conditions have to be optimal. This is especially important for samples taken in field conditions, as there is likely to be some distance between the goat herd and laboratory.
Unfortunately, there is no single best method of MSC isolation for all dairy animal species, perhaps because the number of cells and its composition varies a lot between them (Bagnicka et al., 2011; Wickramasinghe et al., 2012; Cieslak et al., 2015; Suárez-Vega et al., 2015) . It is also extremely difficult to isolate high-quality RNA -first and foremost, RNA with high integrity -from MSCs. This difficulty is in part due to the fact that MSCs contain large numbers of various enzymes, including RNases (Li et al., 2014) . In the healthy mammary gland, approximately 50% of goat MSCs are exfoliated epithelial cells. These cells are very delicate and are often at different phases of apoptosis, such that all mechanical manipulations damage them and lead to RNA degradation. The effects of RNA degradation following cell death and tissue isolation are omnipresent and can rapidly obscure inter-individual differences in gene expression: this is a recognized source of uncertainty (Gallego Romero et al., 2014) . The key factor is the quantity of the milk sample from which the MSCs are isolated. Ben Chedly et al. (2011) derived MSCs from 1.4 kg of goat milk. This is a fairly large amount and is thus not always obtainable from certain breeds, from young animals, or from animals at various lactation stages. Our study showed that 400 mL of cooled goat milk is entirely sufficient to derive a satisfactory number of MSCs for analysis. Furthermore, this volume of milk is easily obtainable across goat breeds, parities, and lactation stages.
To determine the applicability of RNA samples for use in further studies with RTqPCR, as well as other array methods, such as gene expression microarrays or RNASeq, it is vital to determine basic parameters, such as quality, purity, and quantity of the RNA. In our studies, both of the RNA isolation methods we tested (A and B) produced correct values for A260/A280 and A260/A230, indicating that the derived RNA was free from chemical or protein contamination. Using method B, we noticed a slight decrease in the A260/A230 absorbance, below level 2. Cicinnati et al. (2008) , who also applied kits of the same manufacturer and found a similar result, suggested that this decrease may be due to the presence of guanidine salts, though these would not be abundant enough to distort the accuracy of genomic arrays. Though RNA isolated using both methods exhibited comparable purity, the purity did not correlate with high RIN value in method A. Badrul et al. (2011) and Li et al. (2016) showed that correct values of A260/A280 and A260/A230 do not determine RIN value, which is why checking RIN values is crucial for gene expression analyses.
There are many different commercial kits available to extract total RNA from various tissues and cells other than milk. Numerous reports have indicated differences in extraction efficiency from the same tissues depending on the method used for RNA isolation. (2017) compared five commercial kits used to extract total RNA, including miRNA, using three cow's milk fractions (fat, whey, and somatic cells) and obtained different RIN results depending on the set and milk fraction.
Both methods analyzed in our study produced a high average RNA concentration level (A=250 ng/µL; B=707 ng/µL), which is sufficient for microarray tests, for result assessments using RT-qPCR, or for other tests that use RNA and that require numerous repetitions.
Our study revealed that the quantity of RNA increases in subsequent parities and during stages of the lactation period. This is a direct effect of the increase in goat somatic cells that takes place over the course of the lactation period and in subsequent parities (Boutinaud and Jammes, 2002) . This factor should be considered when planning mammary gland experiments that use milk samples as research material.
The choice of the RNA isolation method is very important when planning genomic RNA-based studies. Thompson et al. (2007) showed that RNA samples with a RIN ≤ 7 decrease microarray specificity and sensitivity, whereas other authors (Boutinaud et al., 2013; Brenaut et al., 2014; Suárez-Vega et al., 2015; Pławińska-Czarnak et al., 2019) stated that only RINs ≥ 7.5 are useful for obtaining high-quality gene expression microarray data. The minimum acceptable RIN value depends on the type of analysis to be performed. For example, in several studies, RNAs with RIN values ≥ 5-5.5 were discovered to provide an adequate matrix for qPCR reactions in cases where the amplicon length did not exceed 200 bp (Fleige and Pfafl, 2006; Schroeder et al., 2006; Sellin Jeffries et al., 2014) . However, most of the studies are conducted only on samples with RIN > 7 (Toral et al., 2016) .
The use of method B for isolating RNA from MSCs allowed obtaining a much higher number of results with a RIN ≥ 7.0 (>86% of the total sample amount) from samples with miscellaneous MSC abundance. This finding reconfirms that method B should be the preferred method when isolating RNA from a material exhibiting much variability in cell number in a 1 mL volume, such as goat milk. The effective use of a kit dedicated to fatty tissues to isolate RNA from MSCs indicates the substantial impact of milk fat on RNA results, even when the fat is removed through sample centrifugation preceding the isolation of MSCs (Pławińska-Czarnak et al., 2019) .
The RIN values achieved with method A did not produce results that qualified MSC-derived RNA samples for further arrays because the RNA was degraded. The results of the correlation between RNA quality (from method A and method B) and Cp in RT-qPCR fulfilled the expectations. This phenomenon was especially notable when the Cp was shifted towards higher cycle numbers using RNA with a RIN below 4.0. It should be remembered that degraded RNA may not give an accurate representation of gene expression (Kuang et al., 2018) . Therefore, microarray studies need high-quality RNA to avoid the risk of false negative results.
Though this remark goes beyond the scope of this paper, it is worth mentioning that when RNA from nucleated blood cells is isolated using method A, the quality is not objectionable. In a previous study, we used method A to obtain high-integrity RNA, with the RIN value ranging from 8.0 to 9.9 (average RIN = 8.9) from peripheral nuclear blood cells (Pławińska-Czarnak et al., 2019) . Thus, method A can be successfully applied to isolate non-degraded RNA from tissues, such as blood or from cell lines, but not to isolate RNA from MSCs. These data confirm that the method of RNA isolation must be appropriate to the type of tissue.
The crucial factor for deriving high-quality RNA from MSCs is the way the milk sample is treated before and during the MSC isolation. Milk contains large amounts of various enzymes, including ribonuclease (Gupta and Mathur, 1989) . Our research revealed that, similarly to sheep milk (Suárez-Vega et al., 2015) , cooling the goat milk quickly after milking was of great importance, as was the temperature of centrifugation and of rinsing additives (4ºC). The best RNA sample quality was achieved when the milk was cooled in ice immediately after the milking and when the MSCs were isolated no later than 4 h from the point of milking. Thus, effective planning of laboratory work, especially when sampling is conducted in the field, plays a crucial role in obtaining high-quality RNA. These findings are consistent with those of Sanchez-Macias et al. (2010) , who reported that with the passage of time and with an increase of milk temperature, the amount of detected somatic cells decreases.
The discussed results indicate that our protocol is successful in obtaining highintegrity RNA samples (high-quality RNA isolated in sufficient quantities, with maximum repeatability). Using a 400 mL milk sample, cooling the milk in ice immediately after milking, following MSC isolation procedures (within 4 hours after sampling), and applying method B to isolate RNA we obtained high quality RNA, irrespective of the goats' physiological variables, such as breed, lactation stage, parity, milk yield, SRLV infection, and even MSC abundance. feeding: nutrient value of French and domestic fodders for ruminants, Strzelecki (ed.) (in Polish). National Research Institute of Animal Production, Kraków, Poland, pp. 109-119. K u a n g J., Y a n X., G e n d e r s A.J., G r a n a t a C., 
